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METHOD AND APPARATUS FOR MAKING ARRAYS 

Field of the Invention 

The present invention relates to microarrays of biopolymers or the like formed on a 
5 substrate surface, and to an apparatus and method for producing such microarrays. 

Back ground of the Invention 

A variety of methods are currently available for making arrays of biological 
macromolecules, such as arrays of nucleic acid molecules or proteins. One method for making 
10 ordered arrays of DNA on a porous membrane is a "dot blot" approach. In this method, a vacuum 
manifold transfers a plurality, e.g. , 96, aqueous samples of DNA from 3 millimeter diameter wells 
to a porous membrane. This method is not suitable for making microarrays, i.e. , arrays in which 
the different sample regions in the array are separated by distances of about 1 mm or less. 

Microarrays may be made by a robotic arm device that moves successively between a 
15 sample-pickup well in a sample array, e.g. , a microtitre plate, and a selected microarray position. 
Although high-density arrays of different biological materials can be constructed by this approach, 
the production time and efficiency is limited by the fact that the regions of the microarray (or 
microarrays, if several are being constructed at once) are deposited one-by- one in serial fashion. 
Methods for making oligomer arrays on a microchip by parallel step-wise subunit addition 
20 have been proposed, e.g. , Fodor, et al. , Science 251:767-773 (1991). This approach uses 

photomasking to selectively deprotect terminal subunit addition sites in selected regions of the array 
thus allowing massive parallel subunit addition in building the oligomers on the array. This 
approach, however, requires relatively expensive processing equipment. It is also not readily 
adapted to constructing arrays of polymers that are more than about 10-15 subunits in length. 
25 It would therefore be desirable to provide an improved method and apparatus for making 

arrays, particularly microarrays, employing parallel sample deposition. 

Summary nf th e Invention 

The invention includes, in one aspect, apparatus for producing a plurality of arrays of 
30 reagent regions, where each array contains a row of N > 1 reagent regions. The apparatus includes 
a work station for supporting a substrate that can be partitioned into a plurality of array areas, a 
dispensing assembly having a row of N dispensing heads, each disposed to deposit reagent at a 
selected one of N different reagent regions in different array area. 

In operation, the assembly is advanced successively an incremental distance effective to 
35 advance an assembly head from one reagent region in one array area to the corresponding reagent 
region in an adjacent array area, and to position an adjacent assembly head at a corresponding 
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selected reagent region in an adjacent array area, thus to position each assembly head for deposition 
at its selected position in an adjacent array area. This operation is effective to position each head 
successively for deposition at a unique region each array area. 

In one general embodiment, the assembly is advanced in the direction of the rows in the 
5 array areas, and the head-to-head spacing in the assembly is equal to the sum or difference of (i) 
the spacing between corresponding reagent regions in immediately adjacent array areas and (ii) the 
spacing between selected reagent regions in a row in an array area. This embodiment may been 
carried out with an assembly having a two-dimensional array of dispensing heads, allowing two 
dimensional microarraysto be formed by parallel deposition. 
10 In another general embodiment of the apparatus, the assembly is advanced in the direction 

normal to rows in the array areas, with the dispensing heads in the assembly being disposed along 
an axis that is angular offset from the direction of assembly travel . 

The dispensing heads may be pins spaced for simultaneous dipping into the wells of a 
microtitre plate. Here the structure supplying reagents to the pins includes structure for moving the 
15 assembly between positions at which the pins in the assembly are dipped in selected wells in the 
plate, and positions for reagent deposition on the substrate. In another embodiment, the assembly 
heads are ink-jet printer heads, and the supply structure includes structure for activating the printer 
heads. 

The invention also includes a method for producing a plurality of arrays of reagent 
20 regions,. where each array contains a row of N>1, i.e., twoormore, reagent regions. The 
method includes placing in a work station, a substrate that can be partitioned into a plurality of 
array areas, and advancing over the substrate, a dispensing assembly having a row of N dispensing 
heads, each disposed to deposit reagent at a selected one of the N different reagent regions in 
different array areas. The advancing is carried out in incremental distances effective to advance an 
25 assembly head from one reagent region in one array area to the corresponding reagent region in an 
adjacent array area, thus to position each assembly head for deposition at a selected region in an 
array area. At each new position, the assembly heads are activated for deposition on reagent 
regions in the array areas. The advancing and head activating steps are repeated until all the 
regions in a selected row in the array areas have reagents deposited thereon. 
30 In one method, the assembly is advanced in the direction of the rows. In this method, the 

head-to-head spacing in the assembly is equal to the sum or difference of (i) the spacing between 
corresponding reagent regions in immediately adjacent array areas and (ii) the spacing between 
selected regions in a row in an array area. This method may be carried out with an assembly 
having a two-dimensional array of dispensing heads, allowing two dimensional microarrays to be 
35 formed by parallel deposition. 

In another embodiment of the method, the assembly is advanced in the direction normal to 
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rows in the array areas, with the adjacent heads in the assembly being disposed along an axis that is 
angularly offset from the from the direction of assembly travel. 

These and other objects and features of the invention will become more fully apparent 
when the following detailed description of the invention is read in conjunction with the 
5 accompanying drawings. 



Brief Description of the Drawings 

Figs. 1 A and IB are plan views of a portion of a substrate showing a plurality of 2- 
dimensional array areas (1 A), and an enlarged view of one array area, showing intended regions of 
10 deposition on the array (IB); 

Fig 2 is a partially schematic view of apparatus constructed in accordance with the 

invention; 

Fig. 3 is a side view of a portion of a head assembly in the invention, shown in registry 

with the wells in a microtitre plate; 
15 pigs. 4A-4C illustrate a series of deposition steps on a plurality of array areas, illustrating 

simultaneous deposition on the arrays in accordance with one general embodiment of the invention; 

Fig. 5 is a plan view of a portion of a two-dimensional dispensing head assembly placed in 

deposition position over several array areas on a substrate, in accordance with one general 

embodiment of the invention; 
20 Fig. 6 illustrates initial steps in a deposition pattern used in forming two-dimensional 

arrays; 

Fig. 7 is a perspective view of a multi-head assembly constructed in accordance with a 
second general embodiment of the invention, and array areas in a substrate over which the 
assembly is to be moved; 

25 Fig. 8 A illustrates the angular relationship between direction of assembly movement over a 

substrate and the axis of the heads on the assembly ; 

Figs. 8B and 8C illustrate different stages of deposition on a plurality of array areas, in 
accordance with the second general embodiment of the invention; and 

Fig. 9 is an enlarged plan view of the substrate region shown in Fig. 8B, showing the 
30 spacing between adjacent dispensing heads in an assembly constructed in accordance with a second 
general method of the invention. 

Detailed Description of the Invention 

The present invention is designed for producing a plurality of arrays of reagent regions, 
35 where each array contains a row of N > 1 , i.e. , two or more, preferably 8 or more, reagent regions 
having a selected region-to-regionspacing. In a typical embodiment, the arrays are two- 
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dimensional arrays of M rows, each with N reagent regions (or N columns, for example), a 8 x 12 
array. 

The arrays are formed on a substrate 10 (Fig. 1 A) that can be partitioned into a plurality of 
array areas, such as rectangular areas 12, 14. As an example of a typical array to be formed in 
5 each array area, Fig. IB shows an 12 x 8 array of reagent regions, such as regions 18 forming a 
first row 20 in array 12, and regions, such as regions 22 in rows 5-7 of the array. As used herein, 
the term "row" is generally used to denote the first line of regions formed. 

Apparatus for producing the arrays is illustrated schematically at 26 in Fig. 2. The 
apparatus includes a work station 28 for holding the substrate- in this case, substrate 10. Also 
10 shown in Fig. 2 is a microtitre plate 30 containing a plurality of wells, such as wells 34, 36, each 
designed to contain a reagent that is to be deposited at one region in each array to be formed. 
Preferably, the plate contains an M x N array of wells corresponding to the M x N regions in each 
array. 

A dispensing assembly 36 in the apparatus includes a row of dispensing heads, such as 

15 heads 38, 40, spaced from one another by an effective head-to-head spacing "d" that is 

substantially greater than the region-to-region spacing in an array row. Typically, the region-to- 
region spacing in an array is between about 0. 1 to 1 mm, whereas the spacing between adjacent 
heads in the assembly is typically 1 cm or greater. In the embodiment illustrated, the assembly 
head spacing "d" is equal to the spacing "d n between adjacent wells in plate 30. Although not 

20 shown, the assembly is preferably a two-dimensional assembly of heads, with an M x N array of 
heads corresponding in number and spacing to the M x N array of wells in plate 30. 

A robotic arm or track structure, indicated by arrow 42, is designed for moving the 
assembly between a liquid-uptake position, illustrated in Fig. 3. As shown here, each head, such 
as heads 38, 40, includes a dispensing pin, such as pin 38a, 40a, respectively, which dips into an 

25 associated well, such as well 34, to draw a selected well reagent into the head, e.g. , by capillarity. 

After fluid pick-up, the assembly is then moved to a position overlying the work station, 
for dispensing reagents in the assembly heads onto the substrate areas, in a manner to be described 
below. Structure 42 and plate 30 are also referred to herein, collectively, as means for supplying 
selected reagents to said dispensing heads, for depositing reagents from the heads onto the array 

30 substrate. In the embodiment shown, reagent supply is passive, e.g. , by capillary pick-up. It will 
be appreciated that other supply means are contemplated, for example, where the dispensing heads 
are ink jet printer heads supply from an on-board reservoir, or through tubing from individual 
reagent sources. 

The apparatus also includes structure, indicated by arrow 44, for moving the assembly 
35 successively and incrementally over the work station, to selected deposition positions with respect 
to the array areas on the substrate. The structure may be a robotic arm or conventional track 
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structure designed to move the assembly by known incremental distance along an X axis (in the 
direction of the rows in the arrays being formed) or along both X and Y axes (in the direction of 
both the array rows and columns being formed). The selected movement distances and pattern of 
movement will be appreciated from the discussion below with respect to Figs. 4 and 5 . Structure 
44 is also referred to herein as means for advancing the assembly. 

Structures 42 and 44 are each operatively connected to a control unit 46 which controls the 
operation of the assembly for (i) supply of liquid reagents to the assembly heads, and (ii) deposition 
of selected reagents at selected array area positions. 

Figs. 4A-4C illustrate two important features of the invention: (i) the relationship between 
the spacing between adjacent heads in a dispensing assembly and the spacing between adjacent 
array areas and adjacent regions in an array on the substrate; and (ii) the successive incremental 
movements of the assembly in depositing regions on the substrate, in parallel, in several different 
array areas. The assembly, indicated at 50 in the figures, contains 5 dispensing heads 52, 54, 56, 
58, 60, and is designed to deposit in each array area on a substrate 61 , such as areas 62, 64, 66, 
68, 70, a five-region linear array, such as array 72 in area 70. (The number of assembly heads and 
array number have been reduced from the 12 x 8 array described above for purposes of simplifying 
the description of the assembly operation.) 

As seen in Fig. 4A, the distance "d" between the deposition pins in adjacent assembly 
heads is equal to the sum of the distance "d," between corresponding first-position regions, such as 
regions 73 , 74 in adjacent array areas, such as areas 62, 64, and "d r " , the distance between 
adjacent regions, such as regions 74, 76 within an array area, such as area 64. Thus, when the 
assembly is moved to a position to place head 52 for deposition at a first-position region in an area, 
such as area 62, head 54 is positioned for deposition at the second-position region in the 
immediately adjacent array area, head 56 is positioned for deposition at the third-position region in 
the next-immediately adjacent array area, and so forth, such that deposition from each head is 
occurring in parallel on successive array areas and at successive regions within each area. 

After the deposition shown in Fig. 4A, the assembly is now moved (Fig. 4B) to the left a 
distance "d/ to place head 52 (not shown) at the next left-adjacent area for deposition at the first- 
position region in that area; head 54, for deposition at the second-positionregion in area 62; head 
58 at the third position region in area 64, and so on. Thus, each head is depositing the same 
reagent at the same-position region in each array. 

This assembly movement, in successive increments of distance "d t \ is continued in this 
fashion, as illustrated in Fig. 4C, until each of the array areas on the substrate has a full five-region 
array. If the total number of array areas is T, and there are N regions on each array, a total of T x 
N individual region deposition are made. This requires T + 2(N-1) total incremental movements, 
where the 2(N-1) term represents the number of assembly movements needed to "walk onto" and 



WO 99/22867 



PCT/US98/23092 



"walk off the substrate area. 

In the example illustrated above, the first head is disposed to deposit reagent in the first- 
position in a row, the second head, at the second position, and so on. In this embodiment, the 
head-to-head spacing the assembly is equal to the sum of (i) the spacing between corresponding 
reagent regions in immediately adjacent array areas and (ii) the spacing between adjacent reagent 
regions in a row in an array area. More generally, the dispensing heads in an assembly are so 
disposed to deposit a selected reagent at a selected one of the N different reagent regions in 
different, preferably adjacent array areas. Thus, the only requirement for spacing is that adjacent 
heads are spaced from one another a distance equal to the sum or the difference of the (i) the 
spacing between corresponding reagent regions in immediately adjacent array areas and (ii) the 
spacing between selected reagent regions in a row in an array area. 

With reference again to apparatus 26, Fig. 5 shows the relative spacing of adjacent heads, 
such as heads 38, 40, in a row 76 in the assembly array, and between adjacent heads in adjacent 
rows, such as heads, such as 38, 78, in rows 76, 80. In the embodiment shown, the adjacent heads 
in a row are spaced from one another by a distance equal to the distance between corresponding 
regions in adjacent array areas along the X (horizontal) axis in the figure, plus the distance between 
X-axis adjacent regions within an array . Similarly, adjacent heads in a column in the assembly are 
spaced from one another by a distance equal to the distance between corresponding regions in 
adjacent array areas along the Y (vertical) axis in the figure, plus the Y-axis distance between 
adjacent regions within an array. Thus, the heads in row 76 are positioned to deposit reagent in the 
reagent positions in the first row in each array (the lowermost row in the figure), the heads in row 
80, in the second row in each array, and so on. It will be recognized that the spacing between 
adjacent rows of heads, in the most general case, is such as to place the heads in each row of heads 
for deposition along a selected row in each array. Fig. 6 illustrates how the just described 
assembly can be moved to form two-dimensional arrays in two dimensions. The figure shows a 
substrate 82 having rows of array areas, such as areas 84, 86 in row 88, and columns of array 
areas, such as areas 84, 90, 92 in column 94. 

In the first full translation across the substrate (involving a single row of heads only), the 
assembly is moved to deposit a row of reagents along the uppermost row of the lowermost array 
areas, i.e. , row 88, in the figure, where the direction of movement and placement of reagent 
regions is indicated by a solid line 96. The assembly is then moved in the opposite direction, to 
deposit a row 98 of reagents along the uppermost row of the second from the bottom array areas, 
i.e. , the row containing area 90, and a second row 100 in the next-to-the-toprow in the lowermost 
array areas, by simultaneous deposition from two of the rows of heads. The next full translation of 
the assembly across the substrate produces the three rows indicated at 102, 104, 106. This process 
is repeated until each of the array areas on the substrate in the entire M x N array is filled. 
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Figs. 7-9 illustrate features of an apparatus constructed in accordance with another 
embodiment of the invention. In this embodiment, the dispensing head assembly, indicated at 1 15 
in Fig. 7, is advanced in a direction normal to the rows of reagent regions which are being created, 
rather than in the direction of the array rows being created, as in the Fig. 2 embodiment. The 

5 direction of travel of the assembly is indicated by line 1 16 in Fig. 8A; the rows being filled by 
assembly deposition are the vertically disposed rows, such as rows 1 18, 120 in array areas 122, 
124 in Figs. 7 and 8B. 

As seen in the figures, adjacent heads in the assembly, such as heads 108, 1 10, are 
disposed to deposit reagents in reagent regions, such as regions 126, 128 in Fig. 9, that are in 

10 adjacent array areas, such as areas 122, 124, and are at corresponding adjacent row positions, e.g. , 
the first row position in area 122 and the second row position in area 124. With continued 
reference to Fig. 9, the distance "d" between adjacent heads in the assembly is related to the 
distance "d/ between corresponding regions, such as regions 122, 124 in adjacent array areas, and 
the distance "d," between adjacent regions in a row. Specifically, the distance "d" is defined by the 

15 right triangle relationship, and is equal to the square root of d a 2 + d, 2 . Other features of the 
apparatus are as described in Fig. 2 for apparatus 26. 

In operation, assembly 1 15 is moved in a left-to-right direction in Fig. 8A, in increments 
that place the first assembly head at the first-position in a row of each successive array area, the 
second head at the second position in an adjacent row, and so forth. Fig. 8B illustrates this 

20 operation for filling the first column in each array in a bottom-to-top direction in the figure. At the 
stage shown, the leftmost array row has been completely filled. Six incremental movements later 
(Fig. 8C), the first six array rows have been filled, and the right six array areas are partially filled 
with between 6-11 regions, as shown. This operation is continued until all of the first rows in all of 
the array areas are filled. As in the first embodiment, the number of assembly steps needed to 

25 complete the operation is T + 2(N-1), where the 2(N-1) term represents the number of assembly 
movements needed to "walk onto" and "walk off" substrate area. 

A second assembly head is used to deposit reagents in the second-row, a third reagent 
head, for the third row, and so one until each array on the substrate is filled. 

Although the invention has been described with respect to specific embodiments and 

30 methods, it will be apparent that various changes and modification can be made without departing 
from the invention. 
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IT IS CLAIMED: 

1 . Apparatus for producing a plurality of arrays of reagent regions, where each array 
contains a row formed of n > 1 reagent regions comprising 

a work station for supporting a substrate that can be partitioned into a plurality of array 

areas, 

a dispensing assembly having a row of N dispensing heads, each disposed to deposit 
reagent at a selected one of N different reagent regions in different array areas, 

means for supplying selected reagents to said dispensing heads, for depositing reagents 
from the heads onto the array substrate, 

means for advancing the assembly successively an incremental distance effective to 
advance an assembly head from one reagent region in one array area to the corresponding reagent 
region in an adjacent array area, 

whereby successive advances of the assembly are effective to position each head 
successively for deposition at its selected reagent region in each array area. 

2. The apparatus of claim 1 , wherein said assembly is advanced in the direction of 
the rows in the array areas, and the head-to-head spacing in the assembly is equal to the sum or 
difference of (i) the spacing between corresponding reagent regions in immediately adjacent array 
areas and (ii) the spacing between selected reagent regions in a row in an array area. 

3. The apparatus of claim 2, for use in producing a plurality of arrays, each 
composed of M rows of reagent regions, each row containing N reagent regions, wherein said 
assembly includes an M x N array of dispensing heads, where the N heads in each row in an 
assembly are each disposed to deposit reagent at a selected one of N different reagent regions in 
different array areas, and the rows of heads are disposed with respect to one another to deposit 
reagent at a select one of the M different rows in different array regions. 

4. The apparatus of claim 1 , wherein said assembly is advanced in the direction 
normal to rows in the array areas, and the dispensing heads are disposed along an axis that is 
angularly offset from the direction of assembly travel. 

5. The apparatus of claim 1 , wherein said dispensing heads are pins spaced for 
simultaneous dipping into the wells of a microtitre plate, and said supplying means includes means 
for moving the assembly between positions in which the pins in the assembly are dipped in selected 
wells in the plate, and positions for reagent deposition on the substrate. 

8 
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6. The apparatus of claim 1 , wherein the assembly heads are ink-jet printer heads, 
and said supplying means includes means for activating the printer heads. 

7. A method of producing a plurality of arrays of reagent regions, where each array 
contains a row of N > 1 reagent regions comprising 

placing in a work station, a substrate that can be partitioned into a plurality of array areas, 
advancing over the substrate, a dispensing assembly having a row of N dispensing heads, 

each disposed to deposit reagent at a selected one of N different reagent regions in different array 

areas, 

activating assembly heads for deposition on reagent regions in the array areas, and 
repeating said advancing and activating steps until all the regions in a selected row in the 
array areas have reagents deposited thereon. 

8. The method of claim 7, wherein said advancing is in the direction of the rows in 
the array areas, and the head-to-head spacing in the assembly is equal to the sum or difference of 
(i) the spacing between corresponding reagent regions in immediately adjacent array areas and (ii) 
the spacing between selected reagent regions in a row in an array area. 

9. The method of claim 8, for use in producing a plurality of arrays, each composed 
of M rows of reagent regions, each row containing N reagent regions, wherein said assembly 
includes an M x N array of dispensing heads, where the N heads in each row in an assembly are 
each disposed to deposit reagent at a selected one of N different reagent regions in different array 
areas, and the rows of heads are disposed with respect to one another to deposit reagent at a select 
one of the different rows in M different array regions. 

10. The method of claim 7, wherein said assembly is advanced in the direction normal 
to rows in the array areas, and the dispensing heads are disposed along an axis that is angularly 
offset from the direction of assembly travel 

11. The method of claim 7, wherein said dispensing heads are pins spaced for 
simultaneous dipping into the wells of a microtitre plate, and said activating includes moving the 
assembly between positions in which the pins in the assembly are dipped in selected wells in the 
plate, and positions for reagent deposition on the substrate. 

12. The method of claim 7, wherein the assembly heads are ink-jet printer heads, and 
said activating includes activating the printer heads. 

9 
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